Abstract: Fungi and protists make up an ecological group, trichomycetes, that inhabit the guts of invertebrates, mostly aquatic insects. Trichomycetes are reported herein from arthropods collected in lotic habitats (fast flowing streams) and lentic environments (ponds, ditches, seeps, and lakes) from 11 sites in Algonquin Park and 6 other sites in Ontario, Canada. Thirty-two trichomycete species were recovered, including 7 new species: Legeriomyces algonquinensis, Legeriosimilis leptocerci, Legeriosimilis whitneyi, and Paramoebidium umbonatum are described from mayfly nymphs (Ephemeroptera); Pennella digitata and Glotzia incilis from black fly and midge larvae (Diptera), respectively; and Arundinula opeongoensis from a crayfish (Crustacea). Legeriomyces rarus Lichtw. & M.C. Williams and Stachylina penetralis Lichtw. are new North American records, and seven species are documented for the first time in Canada. More common and widely distributed trichomycete species such as Harpella melusinae Léger & Duboscq and Smittium culicis Manier, were also recovered. Most previous studies on trichomycetes have been done primarily in lotic environments but clearly lentic systems (e.g., ponds and lakes) harbour diverse arthropod communities and further exploration of these habitats will continue to increase our knowledge of trichomycete diversity.
Introduction
Canada has a wide variety of freshwater aquatic habitats such as lakes, ponds, swamps, rivers, and streams, making up extensive watersheds. Information on Canada's immense hydrologic diversity is available from Environment Canada.
One region in Canada where freshwater aquatic systems have been studied and well characterized is within Algonquin Park, a part of the Ontario provincial parks system. The park is 7725 km 2 of managed wilderness in the Boreal Shield ecoregion, and is composed of terrestrial mixedwood forest and aquatic systems, dominated by lakes, bogs, and swamps, connected by small streams (SBAA 2004 (SBAA -2005 Runtz 2008 ). Algonquin Park has been the site of a large number of long-term biological studies in both terrestrial and aquatic systems, mostly fish biology (Harkness Laboratory of Fisheries Research 1930 Research -2009 . Some studies on aquatic insects (e.g., black flies) have also been done in the park (Sprules 1947; Davies 1952; Hall and Ide 1987) and it has a rich aquatic insect fauna.
Certain insects and other arthropods in aquatic habitats house a diverse assemblage of symbiotic microorganisms in their digestive tract. Hibbett et al. (2007) , in their taxonomic reevaluation of fungi and fungal-like organisms, recognized the polyphyletic nature of endobiotic microorganisms living in the guts of arthropods and recommended that the term ''trichomycetes'' be used to describe this ecological group composed of specific fungi and protists, traditionally classified in the Class Trichomycetes (Lichtwardt 1986 ). We adopt the Hibbett et al. (2007) interpretation and terminology here. Most data on trichomycete biodiversity come from studies in Europe (e.g., Britain, France, and Spain) and the United States. Other survey records, typically from one or a few short term trips, come from a wide variety of locations including Australia, China, Costa Rica, Japan, New Zealand Norway, South America, and Sweden (Lichtwardt 1986; Lichtwardt et al. 2001a) .
Trichomycetes also have been reported from Atlantic Canada. Results of two surveys from the vicinity of St. John's, Newfoundland, both from mainly lotic habitats, have been published (Frost and Manier 1971; Lichtwardt et al. 2001b) . A survey spanning 7 years reported trichomycetes from stoneflies at 14 lotic sites in Nova Scotia (Strongman and White 2006) . Strongman (2007) described trichomycetes from aquatic insects collected from streams on Prince Edward Island. Adler et al. (2005) also noted the presence of Harpella melusinae Léger & Duboscq in black fly larvae from the Magdalen Islands in the Gulf of St. Lawrence.
Potential trichomycete hosts in both lotic and lentic habitats include immature, nonpredaceous species of arthropods such as Ephemeroptera, Coleoptera, Diptera, Plecoptera, Trichoptera, and isopods (Merritt and Cummins 1996) . Mosquito larvae, found in standing water of all types, are known hosts of gut fungi (Lichtwardt 1986; Lichtwardt et al. 2001a ). However, extensive surveys for trichomycetes in standing waters are few. Lentic habitats are common on the Canadian landscape, so more collections of insects and other arthropods from these habitats should increase our understanding of trichomycetes and their distribution.
Other unique insect habitats that have been examined less frequently than streams or lakes, are freshwater seeps and similar moist terrestrial habitats (e.g., waterfall splash zones). These habitats often contain larval dipterans, such as midges, and trichomycetes (e.g., Harpellomyces spp.) are adapted to colonize the guts of insects that occur in these unique environments (Lichtwardt et al. 2001a ).
We present the results of trichomycete surveys conducted from 2-7 May 2003 and 17-27 May 2004 in both lotic (streams) and lentic (ponds, lakes and ditches) systems, as well as seeps at road cuts in and near Algonquin Park, Ontario. Additional collections were made (in 2004) from four sites west of the park. This is the first report of trichomycetes from central Canada and is part of a larger project to record trichomycete biodiversity in North America (see also Strongman and White 2006; White et al. 2006b; Strongman 2007; Valle et al. 2008 ).
Materials and methods
Arthropods were collected from lentic systems including Opeongo Lake, ponds, ditches, as well as seeps on highway road cuts, in Algonquin Park. Lotic systems (streams) were also sampled both inside and outside the park. In all, invertebrates were collected from 11 sites in Algonquin Park (ALG), 2 sites near Algonquin Park (PAP and WHIT), and 4 sites southwest of the Park (ONT 1-4) ( Table 1) . Substrate characteristics in the lentic environments were typically silty, with plant litter and live vegetation (e.g., grasses). Lotic substrates were rocky, ranging in size from large boulders to cobble and small stones. The water at all sites sampled in Algonquin Park ranged from pH 6.4-7. The water temperature typically was about 7 8C in running water and around 14 8C in standing water over the collecting periods from 2-7 May 2003 and 17-27 May 2004. The seeps on road cuts were characterized by a thin layer of water constantly trickling over the rock surface, often with algae and other organic matter. These habitats had mostly larvae of Tipulidae and Chironomidae. Larvae belonging to the dipteran families Chironomidae, Psychodidae, Stratiomyidae, Thaumaleidae, and Tipulidae were collected from splash zones around waterfalls at sites (ONT 2-4) west of the Park, on or near the Bruce Peninsula, Ontario.
In addition to dipterans, immature stages of insects from several families in the orders Ephemeroptera, Plecoptera, and Collembola, as well as a crustacean (crayfish) and terrestrial arthropods (millipedes) were dissected, and the trichomycetes in their digestive tracts documented. Specimens in water were collected with aquatic dip nets (30 cm gape, 0.5 mm mesh) by disturbing the substrate by foot (kicksampling) and capturing the dislodged hosts in the net. Invertebrates also were hand-picked from rocks and plant material removed from aquatic habitats and from terrestrial vegetation adjacent to the aquatic sampling sites. Insect larvae were picked from seeps with soft-tip forceps (BioQuip, Rancho Dominguez, Calif.). Guts were dissected in drops of water in Petri plates, or on microscope slides, on the stage of a stereomicroscope equipped with a transmitted light source. Trichomycete thalli were teased out of the gut with fine-tipped forceps and insect pins mounted in pin vises (Grobet, Carlstadt, N.J.). Thalli were transferred to water on a microscope slide (wet mounted), examined for spores and other taxonomically significant characteristics with a compound microscope equipped with phase and differential interference contrast (Nomarski) optics. Micrographs (digital and film) were taken, either before or after semipermanent voucher slides were made by infiltrating specimens with a drop of lactophenol -cotton blue stain (200 g phenol, 0.5 g cotton blue stain, 400 mL glycerol, 200 mL lactic acid, and 200 mL distilled water) placed on the edge of the cover slip, then, after removing excess stain, sealing the edges of the cover slip with clear fingernail polish (Lichtwardt 1986; Lichtwardt et al. 2001a ). All measurements given in the species descriptions below were made from material stained with lactophenol -cotton blue (see Kim and Adler (2007) for effects of staining on trichospore dimensions of a trichomycete). Where possible, the species were identified using the LUCID keys for trichomycetes available at the University of Kansas Web site (Lichtwardt 2004) . Type specimens for all new species were deposited at the National Mycological Herbarium, Agriculture and Agrifoods Canada, Ottawa, Ontario (DAOM). Additional voucher specimens of some of the new taxa, as well as other species reported, are available from the authors. Intact host vouchers (where available) were deposited at the Canadian National Collection of Insects, Arachnids, and Nematodes, K.W. Neatby Building, Ottawa.
Results
Thirty-two species of trichomycetes, including 7 new species described below, were collected from the 17 sites in Ontario (Tables 1 and 2 ). Fungal and protistan species are represented in the collections, which came from immature (Table 2) . Eighteen species of trichomycetes were collected from insects in streams (lotic), 5 from hosts in lentic habitats, and 4 from insects that occurred in both environments. Three fungal species were found in dipterans from seeps on rock faces and two came from moist, terrestrial habitats, the latter from millipede and springtail hosts (Table 2) .
Taxonomy
The new taxa described here include both protistan and fungal trichomycetes, defined in large part by the characteristics of various spore types that they each possess. The terminology differs between protistan and fungal members and also within the fungal orders: Harpellales and Asellariales. Descriptions of the various spore types, as well as details on other basic morphological features that define the taxa included in trichomycetes can be found in Lichtwardt (1986) and Lichtwardt et al. (2001a) . We provide a brief summary of the main spore types relevant to the new species described herein: Harpellales produce asexual spores (trichospores) and many also produce a sexual spore, the zygospore, on a vegetative body (thallus). Lichtwardt et al. (2001a) describe four basic types (Types I-IV) of zygospores in the harpellids based on shape and method of attachment to the zygosporophore (support cells). Members of the Eccrinales reproduce asexually through the production of sporangiospores, which can occur in two forms (primary and secondary sporangiospores). According to Lichtwardt et al. (2001a) conclusive evidence of sexual reproduction has not been seen in this Order. The other protistan trichomycete group, the Amoebidiales (Lichtwardt 1986 ), disperse by amoebae (asexual). The amoebae encyst after release and in some species these cysts may undergo further development to produce cystospores that infest a new host when released (Lichtwardt et al. 2001a ). Thallus unbranched (Figs. 1-5), swollen distally; spore mother cell 32-48.5 mm Â 6.5-10.5 mm ( Fig. 3 ) with 8 or more nuclei, persistent; cup-shaped, basal holdfast 19-20 mm Â 11.5-13 mm (Figs. 4 and 5). Secondary sporangiospores rectangular, 30-37 mm Â 7-7.5 mm (Fig. 2) , rounded at the ends when released. Primary sporangiospores variable in length, 5.5-11 mm Â 12-12.5 mm (Fig. 1) , both primary and secondary sporangiospores produced at the distal end of the thallus. In hindgut of freshwater crayfish. HABITAT: collected from Opeongo Lake (ALG 15) in Algonquin Park. Crayfish collected at other sites in Algonquin Park and from ONT 1 did not contain any trichomycetes.
Arundinula opeongoensis
COMMENTARY: Arundinula orconectis Lichtw. is the only other species from freshwater crustaceans (crayfish). However, Arundinula opeongoensis has a disk-like holdfast not present in A. orconectis, and A. orconectis has spherical secondary sporangiospores, and the primary sporangiospores are about twice as large (Lichtwardt 2004) as those of A. opeongoensis. The other five species in the genus are found in marine decapod crustaceans (e.g., crabs) and differ in thallus features, as well as sporangiospore shape and dimensions (Lichtwardt 2004 ). Thallus attached to hindgut lining by a bulbous basal cell, branches arising from the basal cell dividing sparingly to give fertile branches distally (Fig. 6 ). Six to eight generative cells per fertile branch, each producing a trichospore (Fig. 7) . Trichospores elliptical-elongate, with a slight medial swelling, 21.5-26.5 mm Â 3.5-4.5 mm with 2 short appendages (less than half the spore length) and a third appendage longer than the trichospore (Fig. 9) , no collar. Trichospores with a refractive apex in both stained and unstained preparations. No zygospores found. In hindgut of meniscus midge larvae (Dixidae).
Glotzia incilis
ETYMOLOGY: from the Latin incilis, meaning of a ditch, in reference to the habitat for the host midge larvae. HABITAT: the fungus was collected from three larvae in a ditch containing cattails (Typha sp.) along Opeongo Road in Algonquin Park (ALG 19). Dixid larvae were collected at a second site (ALG 4) and these harboured Smittium culisetae Lichtw. (Table 2) but not Glotzia incilis.
COMMENTARY: Glotzia is the only genus of gut fungi that crosses the ordinal level of specificity that is observed in all the other trichomycetous fungi (Lichtwardt et al. 2001a) . Glotzia centroptili Gauthier ex Manier & Lichtw., the type species, and four other species are known from mayfly nymphs (Baetidae) while Glotzia plecopterorum Lichtw. Table 2 . List of trichomycetes collected from each host and site in Ontario with known distribution of the trichomycetes (Lichtwardt 2004; Nelder et al. 2006 Note: Names in bold are new species described in this report from Ontario. *Distribution of the species (Lichtwardt 2004; Nelder et al. 2006 was described from a stonefly in New Zealand (Lichtwardt 2004) . Glotzia incilis shares sufficient morphological features with other species in this genus, such as the holdfast structure, an enlarged basal cell and, specifically, three appendages on the trichospores, to place it in this taxon. However, the trichospores in G. incilis are shorter and are not cylindrical as in the other species (Lichtwardt 2004 Thallus sparse, no conspicuous holdfast; fertile branches with 4-8 generative cells per branch (Fig. 10) , each producing a slightly obpyriform trichospore 19.5-21.5 mm Â 4.5-5.5 mm, with two appendages (Fig. 11) , no collar. No zygospores found. Thalli attached to the hindgut of mayflies (Heptageniidae). (Lichtwardt 2004) . Collections of L. algonquinensis were limited, but all trichospores were within a narrow size range (19.5-21.5 mm Â 4.5-5.5 mm) so there was no evidence to suggest dimorphism or trimorphism of the asexual spores in these collections. Further, the highly branched thallus in dense clumps, with a conspicuous holdfast composed of contorted cells as described for L. aenigmaticus by Lichtwardt and Williams (1983) is distinctly different than the sparsely branched thallus in L. algonquinensis. Legeriomyces aenigmaticus is rare and restricted in its distribution, having been collected only once from a small stream in Montana (Lichtwardt 2004) . The type species, Legeriomyces ramosus Pouzar, is more widely distributed (recorded from Europe and USA), but the trichospores are larger and more obpyriform in shape (Lichtwardt 2004 ) than in L. algonquinensis. Trichospore shape and thallus characteristics of L. rarus are similar to L. algonquinensis, but the asexual spores of the former are larger, (25-)27(-31) mm Â 5.5-8 mm (Lichtwardt 2004) . Legeriomyces rarus has been reported from Australia and Spain (Williams and Lichtwardt 1993; Valle and Santamaria 2004) and we also collected it at ONT 1 (Table 2) , the first report from Canada. Only a few gut fungi are reported from heptageniid hosts (Lichtwardt 2004) Thallus composed of multiple thick branches, further dividing into thinner fertile branches. One to four generative cells on terminal branches (Fig. 12) . Trichospores 24-28 mm Â 5.5-6 mm weakly obpyriform, with three thin, basal appendages (Figs. 13-15 ) and no collar. Stout zygosporophores 24-31 Â 9-11.5 mm (Figs. 16 and 17) , arise directly from conjugating hyphae. Zygospores (Type II), 67-73 Â 12-14 mm, attached to the zygosporophore obliquely and sub-medially (Fig. 17) . In the hindgut of mayfly nymphs (Siphlonuridae).
ETYMOLOGY: from the Greek leptos meaning thin and kerkos meaning tail, referring to the thin appendages on the trichospore. (Lichtwardt 2004 ) and Legeriosimilis whitneyi (described below) was from an ephemerellid host. Compared with the other two species in siphlonurids, Legeriosimilis leptocerci has smaller trichospores and the zygospores are larger than those in L. tricaudata, but sexual spore dimensions overlap considerably with L. europaeus (Lichtwardt 2004) . The very thin appendages on trichospores of L. leptocerci help to distinguish this species from the others in siphlonurids. The zygospores of L. whitneyi are smaller than those of L. leptocerci, and although the trichospores are very similar in size, the thin appendages in L. leptocerci also help differentiate between these two species. Both L. leptocerci and L. whitneyi lack obvious knobs associated with the appendages that are de- scribed for the other 2 species in this genus (Lichtwardt 2004) . However, trichospore shape and presence of 3 appendages, zygospore shape and arrangement on the zygosporophore, as well as thallus characteristics suggest that both these species belong in the genus Legeriosimilis. Thallus usually with two successive swollen basal cells 20-30 mm Â 7-9 mm, attached to the hindgut lining by cement secreted from the holdfast cell (Fig. 20) . Branches from the basal cells further branch, bearing spores distally (Fig. 18) . Trichospores slightly obpyriform, no collar, 20-26.5 mm Â 4.5-6 mm, bearing three thick appendages equal in length (Fig. 19) . Six to eight generative cells per fertile branch with each generative cell at least half the length of the trichospore. Conjugation between adjacent hyphae results in a swollen cell from which the zygosporophore (13-17 mm Â 4.5-5 mm) arises. Zygospores (Type II) 46-54.5 mm Â 7-8.5 mm, attached obliquely to the zygosporophore and submedially near the spore tip (Fig. 21) , with a short collar (3-5 mm) when released. In the hindgut of mayfly nymphs (Ephemerellidae).
Legeriosimilis whitneyi
ETYMOLOGY.: named after a friend and mentor of D.B.S., Dr. Norman Whitney. Coincidentally, this species was also collected from a river that runs through the town of Whitney, Ontario, just outside Algonquin Park. HABITAT: this fungus was collected from the guts of E. temporalis nymphs from shallow, marshy standing waters at sites ALG 4, ALG 10, ALG 15, and ALG 19. It was also collected in the same host at site WHIT, a fast-flowing river in the town of Whitney, just outside Algonquin Park.
COMMENTARY: six harpellid genera have trichospores, which can have three appendages, Ephemerellomyces, Harpella, Harpellomyces, Legeriosimilis, Pseudoharpella, and Stipella (Lichtwardt 2004 (Lichtwardt 2004) . The trichospores in L. whitneyi are smaller (20-26.5 mm Â 4.5-6 mm) than in L. tricaudata (33-52 mm Â 7-11 mm) or L. europaeus (33-40 mm Â 6-8 mm), and there are no knobs on the appendages of L. whitneyi like those reported for the other two species (Lichtwardt 2004) . Zygospores of L. whitneyi (46-54.5 mm Â 7-8.5 mm) overlap in length slightly with those of L. tricaudata (52-58 mm Â 11-13 mm), but are narrower. The trichospores of the monotypic Ephemerellomyces aquilonius M.M. White & Lichtw. are similar in shape and can have three appendages like L. whitneyi, but the trichospores are wider (30-50 mm Â 8-10 mm) in E. aquilonius. Additionally, E. aquilonius can produce new thalli from trichospores released within the gut where they are produced (White and Lichtwardt 2004) , but this phenomenon was not seen in nymphs containing L. whitneyi. Compared with L. leptocerci, described above, L. whitneyi differs by having smaller zygospores and broader appendages on the trichospores. Thallus unbranched 200-300 mm Â 8-22 mm, attached to hindgut lining by a conspicuous knob-like, basal holdfast (Fig. 22) . Thallus recurved near the base, with a protuberance on the outer side of the bend. The distal end of the thallus is swollen, with a small papilla (6-12 mm) (Fig. 22) . Attached to hindgut lining of mayfly nymphs (Leptophlebiidae).
Paramoebidium umbonatum
ETYMOLOGY: from the Latin umbo in reference to the rounded protuberance near the base of the thallus. (Lichtwardt 2004) . Neither of these species have recurved thalli with a protuberance like Paramoebidium umbonatum. The thallus in P. argentinense is swollen in the middle and P. papillatum has a lateral holdfast that is located 1/5 to 1/3 from the end of the thallus, which provides clear characters to separate these three species. Thallus densely and regularly branched from a stout central axis (Figs. 24, 26 , and 27), holdfast digitate with deep bifurcations and surrounded by a mucilaginous secretion (Fig. 26) . Lateral branches emerging at right angles from both the central axis of the thallus and the finger-like projections of the holdfast (Fig. 27) . Trichospores are long-ovoid 27.5-33.5 mm Â 6.5-8 mm (Fig. 29) , no collar, commonly with 6 fine appendages. Zygospores (Type III) (37-)40- 44 mm Â 10-13.5 mm (Fig. 25) , borne parallel to the zygosporophores 28.5-31 mm Â 8.5-11 mm (Fig. 28) . In the hindgut of black fly larvae (Simuliidae).
Pennella digitata
ETYMOLOGY: from the Latin digitatus meaning having fingers, in reference to the prominent finger-like projections of the holdfast in this species. COMMENTARY: only two genera of trichomycetous fungi, Genistellospora and Pennella, have Type III zygospores that form parallel to the zygosporophore (Lichtwardt 2004) . Members of these two genera share many features but are separated primarily on holdfast characteristics with species of Pennella having tapered, bifurcate, or nearly digitate holdfasts embedded in mucilage, while those of Genistellospora are not tapered or branched and are cemented to the gut lining of their black fly hosts (Lichtwardt 2004) . Pennella hovassi Manier ex Manier was described from France and reported by Frost and Manier (1971) from black fly larvae from Newfoundland and possibly recovered by Beard and Adler (2002) from South Carolina (as Pennella near hovassi). This species has a deeply and repeatedly bifurcated holdfast as in Pennella digitata, but the trichospores are strongly obpyriform and the zygospores are much larger (68-79 mm Â 7.5-13 mm) (Lichtwardt 2004 ) than those in P. digitata (40-44 mm Â 10-13.5 mm). The zygosporophore dimensions for P. hovassi are in the same range, 25-30 mm Â 8-12 mm, as P. digitata (28.5-31 mm Â 8.5-11 mm), but the terminal cell of the zygosporophore is strongly clavate in P. hovassi (Frost and Manier 1971) . Another species, Pennella arctica Lichtw. & M.C. Williams, has a deeply bifurcated holdfast, but the zygospores (65-72 mm Â 15-18 mm), the zygosporophores (35-40 mm Â 13-20 mm) and the trichospores (40-58 mm Â 8-11 mm) (Lichtwardt 1984) are much larger than in P. digitata. Pennella simulii M.C. Williams & Lichtw., which inhabits the guts of black flies, is widely distributed (Lichtwardt 2004) . It was common at sites in Ontario where simuliids were collected (Table 2) , has been reported from Newfoundland (Lichtwardt et al. 2001b) , Nunavut (Kim and Adler 2005) and is also known from NS, New Brunswick and British Columbia (D.B.S., unpublished data, 2002-2006) . The holdfast in P. simulii is elongated, sometimes divided, and the trichospores and zygospores are larger (Lichtwardt 2004 ) than in P. digitata. OTHER SPECIES: Legeriomyces rarus was described from Australia (Williams and Lichtwardt 1993) and subsequently reported in Spain by Valle and Santamaria (2004) . Both papers report the occurrence of this fungus as rare at the respective sites. This species was collected at one site in Ontario and only 2 out of 7 mayflies collected at this site contained L. rarus, although the host was abundant at other sites. Therefore, our data support the concept that this fungus is rare, but apparently widely distributed, having been reported only once from each of three countries on separate continents.
Stachylina penetralis was recorded from Asia (China and Japan), France and Switzerland (Lichtwardt 2004) . It is reported here as a new continental record from the gut of a chironomid larva collected at ONT 4. However, D.B.S. (unpublished data, 2002-2008) has also seen this species in several collections from eastern Canada. The larva containing S. penetralis also had Smittium alpinum Lichtw. in the hindgut, previously reported in North America only from Montana but also collected in Sweden and from the French and Swiss Alps (Lichtwardt 2004) .
In addition to S. alpinum, five other fungal species and one protistan trichomycete collected in Ontario are first records for Canada ( (Table 2) .
Orphella avalonensis collected in Ontario showed some morphological variation compared with the type material from Newfoundland (Lichtwardt et al. 2001b ) and subsequent collections made in Nova Scotia (Strongman and White 2006) . Using the terminology established by Valle and Santamaria (2005) , the basal cell from which the trichospore and accessory cells are produced is tubular or slightly clavate in the type material of O. avalonensis (Figs. 30 and  31) . The basal cells observed in collections from Nova Scotia were similar to the type, but thalli showing strongly clavate basal cells were also seen in the gut of the same stonefly (Fig. 32) . The basal cells of O. avalonensis in the Ontario collections were strongly clavate (Fig. 33) . All other features, such as the holdfast, trichospore, generative and subgenerative cells, and terminal cell dimensions, were within the range for O. avalonensis for the collections both from Ontario and Nova Scotia.
We also collected a species of Legeriomyces from trichopteran hosts, a species of Austrosmittium from chironomids, and a species of Orphella resembling Orphella catalaunica Santamaria & Girbal, but these will be incorporated into other reports addressing these species in a broader context.
Discussion
The trichomycete diversity in Algonquin Park was high, with 23 of the 32 species collected from 11 sites within the Park boundaries. Six of the seven newly described species also came from within the Park, however, the prevalence of trichomycetes here could simply reflect our increased sampling effort inside the park. Collections were made at six sites in Ontario, outside Algonquin Park, including three waterfall splash zones or seep habitats. Of the nine species found outside Algonquin Park, one new species was recorded (Table 2) .
Algonquin Park has a variety of aquatic habitats and many of these are lentic systems (lakes and standing or slow-moving water courses). Other trichomycete studies have included collections from lentic habitats, but the focus has been mostly on mosquito larvae in these systems (Lichtwardt 1986; Lichtwardt et al. 2001a ). We examined a variety of hosts, mostly dipteran larvae and mayflies, some that are specific to lentic habitats, as well as others that are found in both lentic and lotic systems (Merritt and Cummins 1996) and found five trichomycete species in hosts normally found in lentic habitats. Of these, two were new species, A. opeongoensis and G. incilis. We suggest that trichomycete diversity is rich in lentic systems and more collections will continue to increase our knowledge of gut endobionts in these habitats.
Host diversity was low in seep habitats (rock cuts and waterfall splash zones), but some insects found here are adapted specifically to these unique habitats so their distribution is, therefore, restricted. Interestingly, Smittium culicis Manier was common in dipteran hosts at all five sites of this type sampled in Ontario. One of these hosts was soldier fly (Stratiomyidae) larvae, which have not been reported, until now, as a host for trichomycetes. Trichomycetes have been recorded from dipteran hosts belonging to the Nematocera, so it is also worthwhile noting that this published record from a stratiomyid fly is the first, to our knowledge, from flies in the suborder Brachycera. Smittium culicis is globally distributed and is found in a variety of dipteran hosts, including mosquitoes from lentic habitats (Lichtwardt et al. 2001a) . The occurrence of trichomycetes in these specific and often isolated (from other water sources) habitats and the mechanism by which they are distributed is intriguing. One method could be transovarial transmission, as described for H. melusinae, Smittium simulii Lichtw., and G. homothallica in black fly larvae in lotic systems (Moss and Descals 1986; Labeyrie et al. 1996; White et al. 2006a ). Table 2 shows the distribution of species recovered from arthropods in Ontario. This list includes many species that occur on three or more continents, e.g., G. homothallica, H. melusinae, S. microsporus, S. culicis, S. culisetae, and Smittium grandispora Lichtw. (Lichtwardt et al. 2001a ). Most of these were found in dipteran hosts, so our findings from central Canada support the hypotheses about the biogeography and distribution mechanisms for trichomycetes described by Lichtwardt (1995) and Adler et al. (2005) . We found one caenid mayfly nymph with L. rarus in the hindgut. This fungus has been collected in caenids in Australia (Williams and Lichtwardt 1993) and Spain (Valle and Santamaria 2004) . It seems that L. rarus, although rare, is widely distributed in mayflies. Therefore, there may be unknown mechanisms for long-range dispersal of hosts with low vagility, or these fungi migrated into streams with their hosts as glaciers retreated after the last ice age, as suggested by Lichtwardt (1995) .
The specimens of O. avalonesis collected in Algonquin Park fit the species description, based on thallus and trichospore features, but the conspicuous apical swelling of the basal cells varied markedly from the morphology of these cells in the type specimen . Overlap in key morphological features, such as trichospore length and width, is well documented for trichomycetous fungi (Lichtwardt et al. 2001a ), so we examined the type material for O. avalonensis and also reviewed collections from Nova Scotia and Newfoundland to assess variability in the basalcell shape. The clavate basal cells in specimens from Nova Scotia and Ontario had many more trichospores attached or released than did specimens with nonclavate basal cells. It is possible that the variation in morphology that we observed is developmental in nature, related to the number of trichospores produced per basal cell and (or) spore-head development. In thalli that are sporulating profusely, or as the spore head matures, perhaps the basal cells swell at the apex to accommodate the production of many trichospores? If this conjecture is true, it will be important to consider variation due to developmental changes when identifying and describing species. To confirm these speculations, further collections of O. avalonensis in different stages of maturation of the spore head are needed to determine whether the morphology of the basal cell is variable according to trichospore number and maturity.
This study presents data from a survey of trichomycetes at 11 sites in Algonquin Park. The sites sampled were a small proportion of the large number and variety of aquatic habitats in the Park (and the province) so future collections at different times (seasons) and in different habitats will no doubt yield other hosts with trichomycetes, including new species that remain undiscovered in Canada.
